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COVER: The International Bureau of Weights and Measures (top), site of 
the Twelfth General Conference on Weights and Measures, and the new 
international radiation measurements laboratory (bottom), both at Sévres, 
near Paris, France. (See pages 207-208.) 
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actions taken by ... 


The Twelfth General Conference 
on Weights and Measures 


The Twelfth General Conference on 
Weights and Measures, held at the International Bu- 
reau of Weights and Measures, Paris, France, from 
October 6 through 13, 1964, was attended by repre- 
sentatives of 37 different nations. Included were 
leaders from the standardizing laboratories of the 
major technologically advanced nations. Among the 
more significant accomplishments of the meeting was 
the designation of an atomic definition of the second— 
the international unit of time. This definition is tem- 
porarily based on an invariant transition of the cesium 
atom (see page 209 for further details) . 

Dr. A. V. Astin, NBS Director, headed the American 
delegation to the Conference. This delegation included 
A. G. McNish, Chief of the NBS Metrology Division, 
and, as advisory members from the State Department, 
Abraham Friedman, B. C. Gough, K. N. Skoug, Jr., 
J. A. Bovey, Jr., and Edgar L. Piret. 

In other actions taken by the Conference, 12 secon- 
dary wavelength standards of length were affirmed.'! 
These are as follows: 


A. Wavelengths of krypton 86 
6,458.0720 X 10°” meter 
6,422.8006 X 10°*° meter 
5,651.1286 X 10°” meter 
4,503.6162 X 10°” meter 

B. Wavelengths of mercury 198 
5,792.2683 X 10°" meter 
5,771.1983 X 10°" meter 
5,462.2705 X 10°” meter 
4,359.5624 10° meter 

C. Wavelengths of cadmium 114 
6,440.2480 < 10° meter 
5,087.2379 X 10°” meter 
4,801.2521 X10" meter 
4,679.4581 X 10°" meter 


The values for krypton are within 210°, those for 
mercury 5X10, and those for cadmium 7 X10-* of 
the true values, respectively. 

A major objective of the Twelfth General Conference, 
called 2 years ahead of the regularly scheduled interval 
of 6 years, was to provide increased financial support 
for the International Bureau of Weights and Measures. 
This objective was only partially attained. A special 
appropriation of about $300,000 was voted to com- 
plete the equipment needs of a new laboratory for 
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standards for measuring ionizing radiations. How- 
ever, no firm decision was reached on the proposed 
increased annual operating budget of the International 
Bureau. The terms of the Treaty of the Meter require 
unanimity on budget increases, and some of the dele- 
gates (specifically the Soviet bloc nations) had re- 
ceived prior instructions from their governments not 
to agree to this proposal. It was therefore finally 
decided that a new budget would be established by 
mail ballot of all the member nations, and that this 
would be accomplished by the end of 1964. 

The liter, defined up to now as the volume occupied 
by one kilogram of water, differs from a cubic deci- 
meter by about 28 millionths, and this discrepancy— 
slightly out of line with other international measure- 
ments—has frequently caused difficulty in precision 
work. The Conference therefore abrogated the old 
definition, and made the liter merely a special name 
for the cubic decimeter. The resolution in which this 
action was taken, however, pointed out that the word 
“liter” should not be used to express the results of 
volume measurements of high precision. 

In another resolution, the Conference recognized that 
the curie has been used as the unity of activity of a 
radioactive substance in a great many countries for a 
long time, and that in the International System of 
Units the unit of activity is the second to the power 
minus one (s*). It was therefore agreed that the 
curie should be retained as a special unit, with its 
assigned disintegration value of 3.7 X 10'°s*. The 
symbol formally established for the curie is “Ci.” 

In other work, the Conference moved forward in 
approving the research of several of the member na- 
tions in extending electrical measurements into the 
high-frequency region, and in broadening the bases for 
the International Practical Temperature Scale. Dur- 
ing the Conference, the delegates visited the Interna- 
tional Bureau’s new ionizing radiation laboratory, 
which had been formally opened the week preceding the 
Conference (see page 208 for further details). 


These secondary standards are the same as those 
recommended in October 1962 by the International Com- 
mittee on Weights and Measures. See NBS Tech. News 
Bull. 47, 29 (1963). 
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An international radiation measurements 
laboratory was dedicated September 29, 1964 on the 
outskirts of Paris, France. This new facility is a sig- 
nificant addition to the International Bureau of Weights 
and Measures, supported by the member nations that 


subscribe to the Convention of the Meter.’ Estab- 
lished as part of this important international scientific 
organization, the laboratory will promote the use and 
control of ionizing radiations for medical, industrial, 
and scientific purposes on a worldwide scale. It will 
also provide international intercomparisons for radia- 
tion measurement standards, including those for x rays, 
gamma rays, radionuclides, and neutrons. 

Dr. Jean Terrien, Director of the International Bu- 
reau of Weights and Measures, officiated at the dedi- 
cation ceremonies. A number of French officials and 
scientists from all over the world were present for the 
occasion. Dr. Terrien was assisted by Prof. Richard 
Vieweg of Germany, President of the International 
Committee of Weights and Measures, and by NBS Di- 
rector A. V. Astin, who, as the U.S. representative on 
the International Committee that governs the Interna- 
tional Bureau, had been instrumental in planning the 
new laboratory and in its realization. Also in attend- 
ance from the United States were NBS Associate Di- 
rector L. S. Taylor, and H. O. Wyckoff, head of the 
NBS x-ray standards laboratory. 

The facility, one of the finest of its kind in the world, 
is equipped with some of the newest and most accurate 
equipment available for x-ray, radioactivity, and neu- 
tron standards measurements. Space is provided for 
a high-voltage generator and for various radioactive 
sources that will be used for calibration operations. 
The necessary radiation shielding is a built-in feature. 
André Allisy, an outstanding French physicist, heads 
a staff of ten scientists who are already at work in their 
new surroundings. ) 

Since the discovery of nuclear fission over 20 years 
ago, the use of the ionizing radiations of fissionable 
materials for the treatment of diseases, for the inspec- 
tion of industrial products, and as tools for exploring 
the nature of matter, has steadily increased. In the 
ensuing years, international intercomparisons of the 
standards used by many nations to detect, monitor, 
and regulate the effects of these radiations have been 
carried out under the auspices of a non-government- 
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sponsored organization known as the International 
Commission on Radiological Units and Measurements 
(ICRU). Dr. Taylor has long been chairman of this 
organization. 

In October 1958, representatives of several national 
governments that support the International Bureau of 
Weights and Measures met in Paris at a session of the 
International Committee on Weights and Measures. In 
an action strongly urged by the ICRU, the conferees 
concluded that the responsibility for international con- 
trol of radiation standards and measurement techniques 
should be assumed by the International Bureau. As 
a consequence, the International Committee appointed 
a Consultative Committee for the Measurement Stand- 
ards of Ionizing Radiations, headed by Dr. Astin, to 
draw up plans for assuming this responsibility. 

The first meeting of the new committee was held 
in April 1959 at the International Bureau of Weights 
and Measures. Among other recommendations, one 
was made for the establishment of a new laboratory 
to carry out the function of providing standards for 
radiation measurements. 

In October 1960, representatives of the member 
nations attending the Eleventh General Conference on 
Weights and Measures in Paris approved the recom- 
mendation. Negotiations were then undertaken with 
the French government to obtain property of an extra- 
territorial character to accommodate the new facility. 
A parcel of land, adjacent to that occupied by the 
International Bureau of Weights and Measures (in 
the beautiful natural environment of Pare de Saint 
Cloud, overlooking all of Paris) was subsequently 
donated for this purpose by the French government. 

Only limited funds were available at the beginning 
of the project, so arrangements were made for a Ford 
Foundation grant (in the amount of $32,500) to assist 
in the original planning and design of the laboratory. 
Additional funds to cover construction and equipment 
costs were later provided by the member nations. 


1 This Convention was signed in 1875 by representatives 
of 28 nations (since increased to 38). It provided for 
international agreement in the area of physical measure- 
ments and on the bases for the metric system, and at the 
same time it provided for the establishment of the Inter- 
national Bureau of Weights and Measures. 
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World Sets Atomic Definition of Time 


An atomic definition of the second, the 
international unit of time, was authorized at 1725 Paris 
time, October 8, 1964, by the Twelfth General Confer- 
ence of Weights and Measures, meeting in Paris. The 
International Committee on Weights and Measures, act- 
ing for the Conference, temporarily based the defini- 
tion on an invariant transition of the cesium atom, in 
expectation of a more exact definition in the future. 
The new definition, which will facilitate the expres- 
sion of the results of high-precision time and frequency 
measurements, is in as close agreement as is experi- 
mentally possible with the definition established in 1956, 
based on the annual orbit of the earth. The 1956 defi- 
nition has not been formally abandoned. This action 
was deferred pending the possible replacement of the 
temporary atomic definition with a permanent one. 

The move toward the redefinition was strongly urged 
by the American delegation to the international con- 
vention. It had previously been proposed by the Amer- 
ican, Swiss, and German delegations at the Eleventh 
General Conference held in Paris 4 years ago. 

The action taken increases the accuracy of time 
measurements to a part in one hundred billion, an ac- 
curacy two hundred times greater than that formerly 
achieved by astronomical means. Moreover, these 
measurements can be accurately determined in a few 
minutes, as compared to the many years required to 
achieve an accuracy only one-hundredth as good by 
astronomical means. 

In the past, the unit of time had been established by 
astronomers observing the movement of stars across 
the sky as the earth rotates on its axis. A clock was 
used to relate the instant of meridian crossing for each 
individual star to the instant of crossing for other stars. 
By means of a long series of observations, the rate of 
the clock could be related to the earth’s rotation. The 
earth itself thus became the timekeeper and the clock 
was used to interpolate the intervals of time between 
meridian crossings of different stars. 

Pendulum clocks, some of which exhibit a stability 
of performance to within a few thousandths of a sec- 
ond per day, were employed for this purpose until 
quartz crystal oscillators having even greater stability 
were developed for time-interval measurements. Nei- 
ther of these devices, however, maintains a rate which 
is as constant as that of the earth. 

Prior to 1956 the second was defined as one 86,400th 
part of the time required for an average rotation of 
the earth on its axis with respect to the sun. Neverthe- 
less, long before this date astronomers became acutely 
aware of irregularities in the earth’s rotation as com- 
pared with the orbital motion of the moon about the 
earth, the earth about the sun, and various other 
planetary motions. 


Cesium atomic clock. Roger Beehler adjusts the atomic beam 
detector as Charles Snider pours liquid nitrogen into a cold trap 
at one end of the instrument. The nitrogen helps form a vacuum 
so that cesium atoms can be beamed through the machine without 
being deflected by molecules of air. 
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Thus in 1956 an improved arrangement was inter- 
nationally agreed upon to define the second—called 
the ephemeris second—as 1/31,556,925.9747 of the 
time taken by the earth to orbit the sun during the 
tropical year 1900. Although very exactly stated, 
this definition could not be realized by astronomical 
observations with anything like the precision implied 
by so many digits. 

In the 1950’s, research on certain atomic transitions 
indicated that the oscillations associated with them 
could be realized with great repeatability. One of 
them, a hyperfine transition in the cesium atom, was 
related to the ephemeris second with an estimated ac- 
curacy of about two parts in a billion. Measurements 
made with two different instruments,’ perfected by R. C. 
Mockler and R. E. Beehler working under J. M. Rich- 
ardson at the NBS Boulder Laboratories, agreed with 
each other much more precisely than the measurements 
made with either instrument could be related to the 
ephemeris second. This agreement—found to be six 
parts in 10", that is, six parts in a million million— 
means that if two clocks are controlled separately by 
these two instruments, and if there are no other sources 
of error, the clocks will differ by only one second after 
running five thousand years. 

The exact wording of the action of the Twelfth Gen- 
eral Conference is: “The standard to be employed is 
the transition between the two hyperfine levels F=4, 
Mr=0 and F=3, Mr=0 of the fundamental state 
*Si/2 of the atom of cesium 133 undisturbed by ex- 
ternal fields and the value 9 192 631 770 hertz is as- 
signed.” This definition is tied up with atomic pro- 
cesses taking place in the cesium 133 atom, the only 
nonradioactive nuclide of cesium which is different 
from the radioactive cesium nuclei which are pro- 
duced in atomic explosions. 


How an Atomic “‘Clock’’ Operates 


Since atomic nuclei and electrons have magnetic 
moments, they may be lined up parallel or anti-parallel 
with each other. The energy of one atom may differ 
from another one, depending upon which alinement 
prevails. If a transition from one energy state oc- 


curs—by reversal of alinement—the atom can emit or 


absorb radiation depending upon the diréction of the 
change. The frequency of this radiation is propor- 
tional to the energy difference in the two states as 
given by Bohr’s relationship. 

To realize the frequency of this transition, an atomic 
beam apparatus is used, commonly called an atomic 
“clock.” Metallic cesium is placed in a small chamber 
which is heated, causing cesium atoms to be emitted 
through a small hole into a beam tube. The atoms are 
separated into two beams by passing through an in- 
homogeneous magnetic field. Those with parallel 
magnetic moments go into one beam; those with anti- 
parallel moments into the other. If now the beams are 
subjected to an oscillating electromagnetic field, the 
magnetic moments can be flipped from the parallel to 
the anti-parallel relationship or vice versa. 

Thus when the two beams are passed through a sec- 
ond inhomogeneous magnetic field, parallel alined 
atoms appear in the beam that was previously all anti- 
parallel, and anti-parallel atoms appear in the other. 
Only those atoms that have been switched can enter 
a chamber containing a hot wire where they are 
ionized and detected. If the frequency of the oscillat- 
ing field is not exactly that characteristic of the transi- 
tion, none of the magnetic moments are flipped and 
no signal is received from the detector. The operator 
can adjust the frequency of the oscillator which applies 
the electromagnetic field until he receives a signal. 
Then the frequency of his oscillator is exactly that of the 
defined frequency and other oscillators can be adjusted 
to it. 

By well-known electronic techniques the cycles of 
the oscillator can be counted—9 192 631 770 cycles 
of the oscillator are equal to exactly one second. In 
practice, however, oscillators are operated at other 


frequencies related to the cesium frequency by various 
circuit devices. These devices are used for the count- 
ing; they are operated continuously and they are 
checked from time to time against the cesium standard. 

By use of this technique a very accurate scale of 
time can be established without reference to the earth’s 
rotation or the planetary motions. Atomic time scales 
kept for several years at the National Bureau of Stand- 
ards, under J. A. Barnes, and at the Naval Observatory, 
under William Markowitz, have shown close agreement 
with each other and with those kept in several Euro- 
pean laboratories, differing by only about a millisecond 
during the last two years. 

The atomic time and frequency are made available 
to users by broadcast from various radio stations 
throughout the world, such as NBS Station WWV and 
NBA, operated by the U.S. Navy. 

Although the atomic definition of the second enables 
scientists to maintain more accurate and immediately 
available scales of time and of time intervals, astron- 
omers are not put out of business in this timekeeping 
game. The earth’s rotation is sufficiently irregular 
that for the navigator and the space scientist timing 
signals must be correlated with the earth’s rotation. 
It is still the astronomer’s responsibility to tell us when 
the seasons come and go, when eclipses are to be ex- 
pected, and when Easter is supposed to be. The new 
atomic timekeeping is a great aid to the astronomer 
to help him keep track of the planets. Eventually, he 
will be faced with the problem of determining whether 
the time kept by an atomic standard is the same as that 
kept by the planetary motions. 


' For additional details on the NBS atomic beam spec- 
trometers, see Atomic frequency standards, NBS Tech. 
News Bull. 45, 8 (1961). 


Attending 53d Meeting of the International Committee of Weights and Measures 


First row, left to right: A. V. Astin, U.S.A.; Bourdon, Russia; Terrien, Director of International Bureau; Vieweg, Chairman at time of 
International Committee of Weights and Measures and former President of PTB-Germany; Sandoval, Mexico; Otero, Spain; Siegbahn , 


Sweden. 


Second row: Barrell, Chief of Metrology, NPL England; Howlett, Director, Applied Physics Division, National Research 


Council, Canada; Interpreter for Russian Delegation; Stulla-Gotz, Austria; Nussberger, Czechoslovakia; Wolet, Former Director 
of International Bureau of Weights and Measures (observer). Third row: Yamauti, Japan; deBoer, Netherlands; Vaisala, Finland; 


Lehany, Australia. 


Absent members: Kichlu, India; Marechal, France; Isnardi, Argentina; and Kargatchin, Yugoslavia. (Upon the 


resignation of Dr. Vieweg, Dr. Howlett was elected Chairman of the Committee on October 13, 1964; Otero, Vice Chairman; and 
deBoer, Secretary.) Photo courtesy of Comité International des Poids et Mesures. 
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Data analysis by the 
NBS Central Radio Propagation 
Laboratory, Boulder, Colo. 


Sudden phase anomalies (SPA’s) produced 
by solar flares have been simultaneously observed on 
several long VLF propagation paths. The observations 
show that during a solar flare the magnitude of the 
mean change of reflection height on each sunlit path 
can be related to the solar zenith angle, and different 
flares produce different reflection heights. These 
effects are thought to be related to x rays emanating 
from the sun. 

During most solar flares, the electron density in the 
lower ionosphere on the sunlit part of the earth is 
enhanced and ionization is usually produced below the 
normal D region of the ionosphere. The normal D 
region is thought to be formed by ionization of the 
atmospheric constituents by solar Lyman « and cosmic 
rays; however, this radiation is not adequate to explain 
the abnormal D-region solar flare effects, such as sudden 
phase anomalies. 

Recent rocket and satellite observations of solar 
flares have given support to the suggestion that the 
enhanced D-region ionization during solar flares is due 
toxrays. The effects of this extra ionization are shown 
in many ways: the absorption of medium frequency 
and high frequency signals is increased, the attenuation 
of VLF and LF atmospherics is often reduced, and 
the height of reflection of VLF and LF signals is 
lowered. 

Optical observations of the sun have shown that 
almost all flares follow the same pattern: a rapid rise 
to peak intensity followed by a short period of peak 
intensity and a slow return to the condition of preflare 
brightness. To provide a measure of their relative 
magnitude, solar astronomers have divided flares into 
classes of importance according to their area and 
brightness. In addition to giving an estimate of the 
peak energy and intensity of the x rays produced by 
a solar flare, it was hoped that this study 1 might pro- 
vide a foundation for classification of solar flares 
(based on sudden phase anomaly measurements) which 
would be superior for ionospheric purposes to the 
optical classifications. 

During 1961 the phase and amplitude variations of 
phase-stabilized VLF transmissions over six long-range 
propagation paths were observed. This VLF trans- 
mission network sampled the variations occurring over 
approximately one quarter of the earth’s ionosphere 
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Solar Flare lonization 


and thus provided an excellent means for studying the 
normal day-to-night variation in ionospheric height 
as well as the effects of solar flare ionization over a 


large area of the ionosphere. The phase records for 
these six transmission paths were examined for sudden 
phase anomalies (SPA’s) during times of known solar 
flares. In this period some 30 solar flare events oc- 
curred, for each of which there were from two to four 
simultaneous observations of SPA’s. Using SPA data 
obtained from the several VLF propagation paths, the 
change in effective reflection height and a parameter 
related to the rate of solar radiation per unit of surface 
were calculated for each path. 

Before proceeding with the interpretation of the 
data, it was noted that considerable difficulty arose 
in justifying any particular model for the flare-pro- 
duced ionization, primarily because the aeronomy of 
the D region is not fully understood and the x-ray 
energy spectrum of a solar flare is not well known. 
However, the interpretation of the experimental results 
in terms of a layer which behaves as a Chapman layer 
leads to an estimate, which is not inconsistent with 
satellite data, of the energy and intensity of the x 
radiation that produced the ionized layer. 


*Vlf phase observations of solar flare ionization in the 
D-region of the ionosphere, by C. J. Chilton, F. K. Steele, 
and R. B. Norton, J. Geophys. Res. 68, 5421-5435 
(Oct. 1, 1963) . 


VLF transmission network used in studying phase changes 
accompanying solar flares. 


211 


Thermal Degradation of Polyisobutylene 


Isobutylene is the main constituent of a 
synthetic rubber widely used by the tire industry. A 
better understanding of its thermal stability could lead 
to additional uses as well as to improved methods of 
copolymerization with other materials. 

The thermal degradation of both high- and low- 
molecular-weight polyisobutylene has recently been 
investigated. Results of the study indicate that the 
polymer chain ruptures randomly at carbon-carbon 
bonds along the chain backbone, and that the rate of 
degradation has little dependence on molecular weight 
from about 30,000 to 5,000,000.1 

In a previous study,” ethylene and propylene poly- 
mers were found to be more stable than polyisobutylene. 
The present work was therefore undertaken to obtain 
detailed data on polyisobutylene and to deduce the 
decomposition mechanism from molecular weight 
changes during degradation. 

The experiments were carried out using fractionated 
and unfractionated commercially prepared high-purity 
polyisobutylenes of high and low molecular weights. 
Samples weighing from 4 to 5 mg were pyrolyzed in 
a vacuum at 298.5 °C for about 2 days. The tempera- 
ture was kept constant to within 0.2 °C by means of 
an electronically controlled thermostat. The sample 
was held in an electronic microbalance which auto- 
matically recorded the amount of volatilization during 
arun. 
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Before pyrolysis, samples were each distilled in 1 
percent benzene solutions and fractionated stepwise 
with distilled acetone as the precipitant. Molecular 
weights of the fractions were determined from measure- 
ments of viscosity in iso-octane at 40 °C. The whole 
high polymer (molecular weight 1,800,000) (H) gave 
fractions of 4,800,000 (H=1), 1,980,000 (H-2), and 
700,000 (H-3) molecular weight. The whole low 
polymer (molecular weight 49,000) (L) gave fractions 
of 234,000 (L-1), 44,200 (L-2), and 24,500 (L-3) 
molecular weight. 

The similarity of the rate curves obtained for both 
the high and low polymers shows that molecular weight 
has little effect on thermal degradation. Extrapola- 
tion of the curves to the rate axis after only 4 percent 
volatilization yields values of about 0.07 percent per 
minute with a minimum of deviation except in the case 
of the lowest fraction of the low polymer (L-3). The 
high initial rate of this lowest fraction probably indi- 
cates the presence of more low molecular weight ma- 
terial than might have been expected from the 
fractionation. 

Five residues obtained from pyrolysis of the middle 
fraction (H-2) of the high polymer were pyrolyzed 
further at 300 °C for periods ranging from 24 to 660 
min. At the end of each run, the sample’s molecular 
weight was determined by both viscosity and osmotic 
pressure methods. The results showed a rapid drop 
in molecular weight from 1,980,000 to 95,000 with only 

(Continued opposite page) 


Left: Curves show percent of 
sample volatilized per minute 
(ordinate), as a function of the 
total amount volatilized (ab- 
scissa). Right: Similar curves 
for polyisobutylene samples 
with lower molecular weights. 
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Investigations by 

Donald McIntyre, James H. O’Mara, 
and Sidney Straus of the 

NBS Institute for Materials Research 
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New Look at Earths History 


Geophysicists may have to re-examine their 
beliefs concerning the history of the planet Earth as 
a result of an experiment recently conducted at the 
Bureau. Measurements of the rates of helium ion reac- 
tion with oxygen and nitrogen molecules indicate the 
possibility that events may have occurred in the past 
few million years which boiled off a portion of the 
earth’s atmosphere. 

In the simplest terms, the experiment was performed 
by adding oxygen (or nitrogen) to rapidly flowing, 
weakly ionized helium gas and detecting the ion species 
downstream by means of a mass spectrometer. The 
results showed that helium ions are destroyed some- 
what more readily with nitrogen molecules than with 
oxygen molecules. This result is in contrast to gen- 
eral belief among geophysicists based on theoretical 
expectations and has several important geophysical 
consequences. 

Helium ions occur in the earth’s high atmosphere 
due to ionization of neutral helium by extreme solar 
ultraviolet radiation. If the loss of the helium ions 
were through reaction with oxygen molecules as pre- 
viously assumed, the neutral helium atoms resulting 
could have sufficient energy to escape from the earth. 
This mechanism might have explained a steady-state 
helium terrestrial atmosphere. Helium ion loss in 
reaction with nitrogen, now known to dominate, does 
not contain this escape possibility, so that geophysicists 
must find another escape mechanism or abandon the 
steady-state theory. 


Experiment directed by 
E. E. Ferguson of the 
Atmospheric Collision Processes 
Laboratory in the NBS Central 
Radio Propagation Laboratory 


The basic problem is that the amount of neutral 
helium present in the earth’s atmosphere would have 
been produced in only a few million years by radio- 
active decay of uranium and thorium in the earth’s 
crust, whereas the age of the earth is a few billion 
years. As a result, says Dr. Ferguson, “we may be 
forced to conclude that events occurred in the past few 
million years which boiled off the earth’s helium 
atmosphere and that the helium concentration is not 
steady state and is now increasing with time.” 

Another important consequence of the laboratory- 
measured helium ion loss rate with nitrogen is that 
it places one of the most severe constraints to date upon 
certain atmospheric parameters, principally the extreme 
solar ultraviolet radiation intensity, the neutral nitro- 
gen density, and the helium ion density at very high 
altitudes. The concentration of helium ions has been 
measured by rocket-borne mass spectrometers, as has 
the extreme solar ultraviolet radiation, so that the nitro- 
gen concentration may be the least well-known quantity. 
Analysis of this problem has only begun, and only 
very tentative conclusions can now be made, but it 
appears that the laboratory results may support the 
theory of a lower nitrogen concentration in the earth’s 
very high atmosphere than has been ordinarily 
assumed. 


1.5 percent volatilization. At 10 percent volatilization, 
the molecular weight dropped to 28,000 and then 
tapered off to about 15,000 at about 50 percent volatili- 
zation. The rapid initial drop strikingly demonstrates 
that the polymer degrades predominantly at random 
points along the polymer chain and not at the chain 
ends. 

A comparison of the polyisobutylene rate curves 
with those found earlier (see footnote 2) for poly- 
ethylene and polypropylene shows that polyisobutylene 
decomposes about 15 times faster than polypropylene 
and about 600 times faster than polyethylene. The 
high polyisobutylene rate is probably due to its easy 
disproportionation and to radical formation. The 
small “zip” length of the polymer chain and the inter- 
molecular and intramolecular transfer of hydrogen 
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atoms soon after the initial random breaks may account 
for the lack of a broad maximum in polyisobutylene 
degradation. 
percent of the monomer was distilled off, which lends 
support to the theory of the transfer reactions. 


In some earlier experiments,* only 20 


1 For details, see Thermal degradation of fractionated 
high and low molecular weight polyisobutylene, by 
D. McIntyre, J. H. O’Mara, and S. Straus, J. Res. NBS 
68A (Phys. & Chem.), 153 (1964). 

* Pyrolysis of polyolefins, by L. A. Wall and S. Straus, 
J. Polymer Sci. 44, 313 (1960). 

° Pyrolysis of polyisobutene, polyisoprene, polybuta- 
diene, GR-S, and polyethylene in a high vacuum, by 
S. L. Madorsky, S. Straus, D. Thompson, and L. Wil- 
liamson, J. Res. NBS 42, 499 (1949) RP1989; and J. 
Polymer Sci. 4, 639 (1949). 
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Standard 
Materials 


Revised Microcopy Resolution Test Charts 


Starting December 1, 1964, newly revised 
test charts’ for evaluating the resolving power of 
microfilming systems are being issued by the NBS In- 
stitute for Basic Standards in place of those previously 
available. A slight alteration in the layout of the 
spatial frequency patterns on the chart permits the 
frequency range to be extended to higher or lower 
frequencies. In addition, small changes in the num- 
bers assigned to these patterns make them conform to 
international usage. Government specifications for 
microfilming services have been amended to permit the 
use of either the old or the new charts in determining 
resolution. 

American industry and Government spend about a 
third of a billion dollars annually to microfilm records 
and preserve films. To assure that the microfilmed 
images are of adequate quality to store the required 
information, microfilm contracts generally stipulate 
that the resolving power of the complete microfilming 
system being employed is to be evaluated by means 
of NBS microcopy resolution test charts. 

To make these evaluations, the resolving power of 
the system is measured under actual microfilming con- 
ditions. First, the charts are placed in several loca- 
tions on the camera copy board and are photographed. 
The resulting image is then examined with a micro- 
scope. The number of lines per millimeter in the 
smallest spatial frequency pattern in which the lines 
can be counted with certainty gives the resolving power 
of the system. 

The charts containing these patterns have been pro- 
duced by the NBS photographic research laboratory for 
over 20 years, as part of the Bureau’s standard ma- 
terials program.” In recent years, however, the wide- 
spread use of photographic techniques in technological 
applications—for example, in the manufacture of 
microminiature electronic components—has greatly 
increased the demand for these charts. Over 16,000 
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have been issued thus far this year. Together with the 
increasing demand, a need has developed for more 
versatile charts having a wider range of spatial frequen- 
cies. The new charts were therefore designed to meet 
this need. 

Produced photographically by contact printing on 
glossy paper, the charts contain 21 frequency patterns 
(as do the old charts) for measuring resolving power 
of from 1 to 10 lines per millimeter. The old chart 
is shown on the left in the illustration and the new 
one, identified by the 1963 date of its design, is shown 
on the right. To achieve greater economy and eff- 
ciency in production, six charts (each 314 X 4 in.) 
instead of four (dimensions of the old chart are 4 X 5 
in.) are printed on sheets of 8 X 10-in. paper. The 
center of the array of patterns on the new chart is in 
the horizontal lines of the finest pattern. 

In the rearrangement of the frequency patterns, space 
is available in the center of the array for a tenfold 
reduction of the chart so that the range of frequencies 
can be extended to 100 lines per millimeter. Similarly, 
to extend the range to lower frequencies, a standard 
chart may be mounted in the center of a tenfold enlarge- 
ment. In the new arrangement, a square array of 
patterns with frequencies ranging from 2 to 10 lines 
per millimeter is provided for an abridged version of 
the chart, if desired. 

To assure the continuity of microcopying procure- 
ment programs, certain characteristics of the old chart 
were retained in the new design. These include chart 
color, line type, contrast, line-to-space ratio, number 
of lines per pattern, and length-to-width ratio, of lines. 
No significant difference in measurements will there- 
fore result in changing from the old chart to the new. 

The resolution of an entire photographic system may, 
at some points in the field, differ materially in orthog- 
onal directions. To facilitate the measurement of this 
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characteristic, the orthogonal arrangement of the two 
groups of pattern lines—one group vertical, the other 
horizontal, and both parallel with the chart edges— 
was retained. As in the old chart, the selected frequen- 
cies are in a geometrical series to provide proportional 
frequency increases over the entire range from the 
largest to the smallest pattern. 

The numbers assigned to the frequency patterns of 
the new chart are based on the “preferred-number” 
series contained in the International Organization for 
Standardization Recommendation R3, adopted at the 
1953 meeting of the organization in Geneva, Switzer- 
land.* With the exception of number 1.25 (indicating 
a resolution of 1.25 lines per millimeter), all the num- 
bers are rounded to two digits. The change from 
number 3.5 on the old chart to 3.6 on the new one 
represents the greatest percentage change, namely 2.86 
percent. Since observers often disagree, however, on 
the reading of patterns differing in frequency by 12.5 
percent, this change may be regarded as practically 
imperceptible. 

The proposed revisions were evaluated in advance by 
a number of users so that changes could be made, if 
necessary. The new design, however, proved to be 


satisfactory.* 


Left: NBS Microcopy Resolution Test Chart in use from 1941 to 1964. 


The. NBS Microcopy Resolution Test Chart has 
higher frequencies than the chart accompanying NBS 
Circular 533.° The latter chart is designed to measure 
the resolving power of camera lenses—including those 
used for photogrammetric purposes—and telescopes 
and binoculars. 


‘The new chart, designated Microcopy Resolution Test 
Chart—Standard Sample 1010, may be obtained from 
the Standard Samples Unit, National Bureau of Stand- 
ards, Washington, D.C., 20234, at 20 cents each on a 
minimum order of $1.00 (stamps not accepted). 

* Standard materials issued by the National Bureau of 
Standards are described in NBS Misc. Publ. 241, Stand- 
ard Materials, available from the Superintendent of Docu- 
ments, U.S. Government Printing Office, Washington, 
D.C., 20402 (30 cents). Up-to-date supplementary in- 
seris, which are issued periodically, are available upon 
request directly from the National Bureau of Standards. 

*This recommendation may be obtained from the 
American Standards Association, 10 East 40th Street, 
New York, N.Y., 10016. 

*The NBS microcopy resolution test charts, by B. H. 
Fouquet, Proceedings of the Twelfth Annual Meeting 
of the National Microfilm Association, pp. 67-76 (1963). 

° Method for determining the resolving power of photo- 
graphic lenses, by F. E. Washer and I. C. Gardner, NBS 
Circ. 533, available from the Superintendent of Docu- 
ments, U.S. Government Printing Office, Washington, 
D.C., 20402 ($1.75). 


(The size of the legend was changed during this interval.) 


Right: The NBS Microcopy Resolution Test Chart which was designed and announced in 1963 and went on sale December 1, 1964 
Although the charts are shown actual size, they are for illustration only and should not be used for test purposes. 
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Instruments used for making initial per- 
meability measurements at the Bureau have been 
modified to make parallel reversible permeability 
An rf permeameter previously de- 
veloped at the Bureau is used at frequencies up to 50 
MHz. For higher frequencies to 100 MHz, a variable- 
length re-entrant cavity with a quarter wavelength 
line is used. Two variable-length half-wave cavities 


measurements.! 


were modified for measurements of reversible mag- 
netic permeability at frequencies from 100 MHz to 
3 GHz. 

The instruments are used in measuring the reversible 
permeability and loss as a function of the d-c field at 
A complete set of data obtained 
at many frequencies enabled a graph to be made of 
uw’ (permeability) and py” (loss) versus frequency for 
different d-c current levels. 

Modification of the rf permeameter. The radio- 
frequency permeameter previously developed at the Bu- 
reau for permeability measurements up to 50 MHz 
consists of a toroidal primary winding and a secondary 
winding formed by a shorting enclosure, one end of 


a fixed frequency. 


which is removed for the insertion of a toroid of the 
material being tested.2, The d-c winding added to 
form the modification consists of a single turn, in the 
form of a central stem and coaxial outer shell, enclos- 
ing only the test core. This arrangement so limits 
coupling between the rf and d-c circuits that rf filters 
are needed in the d-c circuitry only above 4 MHz. 
Reversible permeability is measured in the same 
way as is initial permeability, except for application 
of the d-c field. A recent study of the permeameter 
equations for evaluating »’ and .” has resulted in a 
set of exact equations which are independent of the 
transformer characteristics. This permits the perme- 
ameter to be evaluated at a given frequency with a 
standard sample of known p’ and »p’””. The permeam- 
eter is calibrated in operation by measurements of 
its input impedance with the chamber open, closed, 
and then containing the standard sample. 
Re-entrant cavity as a permeameter. A vari- 
able-length re-entrant cavity with a quarter wavelength 
line was developed for reversible permeability measure- 
ments at frequencies between 50 and 100 MHz. The 
complex permeability is determined from the change 


in the cavity resonance length with insertion of the 
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sample. No capacity calibration need be made and no 
expensive frequency-measuring equipment is needed. 
This method also minimizes errors introduced by sup- 
ports and discontinuities in the line. 

Direct current passing through the center conductor 
of the cavity provides a circumferential field in the vi- 
cinity of the sample mounted on the tuning plunger. 
A thin sheet of insulation between the flange of the 
quarter wavelength line and the cavity confines the 
direct current to the center conductor. 

Tuned half wavelength cavity. The use of 
tuned variable-length cavities for initial permeability 
measurements above 100 MHz suggested to Institute 
scientists that the same cavities might be useful for 
reversible permeability measurements if the center rf 


conductor were hollow to contain an insulated d-c 


conductor. Two such instruments were designed and 
tested, one at frequéncies below 300 MHz and a smaller 
one for precise measurements above that frequency. 
Several precautions were taken in the design and 
use of both experimental cavities. They are used in 
the vertical position to obtain a straight center con- 
ductor without any supports. The center conductor 
and shorting plate of the smaller cavity were con- 
structed integrally to avoid any discontinuities near 
the sample at high frequencies. This arrangement 
gives a uniform distribution of rf current around the 
center conductor where it joins the shorting plate, 
and hence a uniform rf field surrounding the sample. 
The entire sliding-short-and-center-conductor assembly 
is removable for positioning the sample on the short- 
ing plate. The temperature of both cavities is fixed, 
for maximum accuracy, by circulating temperature- 
stabilized water through the hollow d-c conductor. 
The data obtained by measuring the reversible per- 
meability and loss as a function of the d-c field at 
each frequency enable a set of curves to be drawn to 
relate permeability with d-c field and frequency. These 
curves enable the spectrum to be obtained for any de- 


sired current. 


‘Parallel reversible permeability measurement tech- 
niques from 50 kc/s to 3 Gce/s, by Cletus A. Hoer and 
R. D. Harrington, J. Res. NBS 67€ (Eng. & Instr.), 
259-265 (July—Sept. 1963). 

? Advances in the design and application of the radio- 
frequency permeameter, by A. L. Rasmussen, A. W. En- 
field, and A. Hess, J. Res. NBS 56, 261-268 (May 1956). 
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In addition to its thermocouple calibration 
services,! the NBS Institute for Basic Standards con- 
ducts research to identify and characterize pairs of 
alloys useful for reliable thermocouple temperature 
measurement. Some highlights of this research on 
thermocouple materials are described below. 

Tungsten versus Rhenium. Various investiga- 
tors have found that thermocouples made of tungsten 
(W) versus rhenium (Re) have the advantages of 
high thermoelectric output, high melting point, chemi- 
cal stability in non-oxidizing surroundings, low cost 
of the tungsten element, and good reproducibility 
after thermal cycling to 2200 °C. Some disadvantages 
are the high cost of Re, brittleness of W, and erosion 
of W by the water cycle effect. In “Studies on the 
tungsten-rhenium thermocouples to 2000 °C,” J. Res. 
NBS 67C (Eng. & Instr.), No. 4, 337-352 (Oct.—Dec. 
1963), D. B. Thomas describes experiments with dif- 
ferent lots of W and Re wire obtained from various 
domestic sources. 

Eleven thermocouples were made from the available 
wire and tested at 100 °C intervals from 0 to 2000 
°C. Measurements were made in a helium-filled tanta- 
lum tube furnace”? using a Pt-1 percent Re versus 
Pt-30 percent Re thermocouple as the standard instru- 
ment for temperature measurements to 1000 °C and 
an optical pyrometer for measurements from 1000 to 
2000 °C. From the experimental data, tables of emf 
versus temperature at 5 °C and 10 °F intervals 
were calculated by computer. With the materials in- 
cluded in this study, a maximum thermoelectric power 
of 18.33 uV per deg C occurs at 715 °C. The tests 
show that the emf produced by a particular thermo- 
couple is highly dependent on the lot of wire used and 
on the annealing that the thermocouple received before 
use. The emfs of the 11 thermocouples had a maxi- 
mum face at 2000 °C of 263 pV, equivalent to 
~44 °C. 

Platinum versus Platinum-Rhodium.  Plati- 
num versus platinum-rhodium thermocouples have long 
been used for measurements to about 1700 °C. In 
fact, the International Practical Temperature Scale is 
currently defined over the range 630.5 to 1063 °C in 
terms of a platinum versus platinum—l0 percent rho- 
dium thermocouple. By using Pt-Rh combinations for 
both legs of a thermocouple, improved stability, higher 
operating temperatures, and increased mechanical 
strength can be achieved. Of the many possible com- 
binations, the Pt—6 percent Rh versus Pt-30 percent Rh 
thermocouple seems to be the best suited for further 
development and_ standardization. (Considerable 
work has been done on this combination in Germany.) 
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NBS Thermocouple Research 


Acting on a request made by the ASTM, the Bureau 
obtained samples of wires from three American manu- 
facturers and conducted an extensive series of measure- 
ments on 1] thermocouples made from these wires. A 
preliminary emf-temperature table has been prepared 
that agrees within the experimental error with a similar 
table produced in Germany, and this is currently be- 
ing circulated to other laboratories for evaluation 
before publication. This work has been described by 
George Burns in a talk given at the Sept. 23-27, 1963, 
meeting of the SAE, Los Angeles, Calif., “Studies at 
NBS of the platinum—6 percent rhodium versus plati- 
num—30 percent rhodium thermocouple—A_prelim- 
inary report” (paper 750B). 

Iridium-Rhodium versus Iridium. As part of 
a continuing investigation of thermocouple materials, 
G. F. Blackburn and F. R. Caldwell published “Refer- 
ence tables for thermocouples of iridium-rhodium 
alloys versus iridium,” J. Res. NBS 68C (Eng. & 
Instr.), No. 1, 41-59 (Jan—Mar. 1964). Reference 
tables from 0 to 2150 °C for 60 percent Ir—40 percent 
Rh and 50 percent Rh-50 percent Ir versus Ir are 
presented in this paper; limited (100 deg F intervals) 
tables for Ir-10, —25, —75, and —90 percent Rh versus 
Ir are also included. From an analysis of the data it 
appears that the 50 percent Ir—50 percent Rh versus Ir 
gives about the maximum emf—12.2 mV at 2150 °C— 
and may be the optimum combination for thermo- 
couples of this type. Thermocouples of nominal com- 
position of 40, 50, or 60 percent Rh versus Ir can be 
used for measuring temperatures to 3900 °F to an 
accuracy of +40 °F with the appropriate tables. 
Calibration of individual thermocouples will of course 
permit greater accuracy. 

Reference tables for 40 percent Ir—60 percent Rh 
versus Ir were published in J. Res. NBS 66C (Eng. & 
Instr.), No. 1, 1-12 (Jan.—Mar. 1962). A general 
survey of thermocouple materials for use above 0 ° C 
is available in NBS Mono. 40, Thermocouple Materials, 
by F. R. Caldwell.’ 


‘See p. 77 of Calibration and Test Services, NBS 
Misc. Publ. 250, available from the Superintendent of 
Documents, U.S. Government Printing Office, Washing- 
ton, D.C., 20402. Price 70 cents. This document de- 
scribes and lists prices for all NBS calibration and test 
Services. 

* A furnace for thermocouple calibrations to 2200 °C, 
D. B. Thomas, J. Res. NBS 66C (Eng. & Instr.), No. 3 
(July—Sept. 1963) . 

® Available from the Superintendent of Documents, 
U.S. Government Printing Office, Washington, D.C., 
20402. Price 30 cents. 
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Ceramics Used for Transducer Components 


The use of ceramic materials for insulating 
sections has extended the application of accelerometers 
and shakers to higher frequencies. The NBS vibration 
measurement laboratory has reported the successful 
use of alumina disks as accelerometer bases and as 
shaker bases and top sections.. Miniature accelerom- 
eters using this material weigh only about a gram and 
have resonance frequencies of 150 to 200 kHz, and 
shakers using it have performed satisfactorily to higher 
frequencies than conventional ones. 

The increasing use of vibration tests in predicting 
component failure by simulating extended use has led 
the Bureau to seek improvements in present techniques 
and devices. Many accelerometers and shakers are 
piezoelectric devices; each of these consists of a block 
of piezoelectric material attached to a mounting base 
on one side and to a top section on the other. In the 
accelerometers, changes in tension or compression of 
the piezoelectric element generate electrical potentials 
across it, to which connection is made by opposed 
contacts. Piezoelectric shaker tables use the reverse 
process to produce mechanical vibration from an 
electrical signal. 

Metal has been used for bases and top sections of 
conventional piezoelectric shakers and compression-type 
accelerometers because of its high density and mechani- 
cal strength. This sometimes simplifies making elec- 
trical connections, but it also makes electrical isolation 
difficult. 

The Bureau’s transducer research has shown that 
alumina has excellent qualities of electrical insulation, 
stiffness, and density and is therefore well suited for 
use in transducer components. One alumina found to 


Right: Miniature piezoelectric accelerometers are assembled on 
this fine-positioning press, which holds the piezoelectric element 
above the base while the 0.003-in. (about 0.1-mm) layer of 
epoxy between hardens. An alumina ceramic base is in place 
on the anvil of the press. Another is on its side in front of it, 
to the left of smaller piezoelectric assembly. 


Below: Earle Jones attaches a ceramic-base piezoelectric acceler- 
ometer to a shaker by means of a layer of adhesive. 
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Technique reported by 
Earle Jones of the 
NBS Institute for Basic Standards 


be particularly satisfactory has a Young’s modulus of 
about 345 = 10° N/m?, a hardness of 80 Rockwell 45N, 
and a specific gravity of 3.80 to 3.90. These charac- 
teristics—stiffness, hardness, low density, and electrical 
insulation—make such materials strongly competitive 
with metals for transducer applications. 

Ceramic base sections have now been used at the 
Bureau in miniature accelerometers having extremely 
high unmounted resonance frequencies. Typical de- 
vices weigh about a gram, resonate at 150 to 200 kHz, 
and are secured to the vibrating surface being studied 
by means of an adhesive. 

The piezoelectric shaker tables using ceramic bases 
and top sections have given extremely satisfactory re- 
sults. They produce a larger vibration amplitude, for 
the same driving power, free of resonance mode break- 
up to higher frequencies, than do shakers using metal 
parts. The results obtained with the use of ceramic 
bases and top sections for piezoelectric devices have 
led to their use in moving coil transducers also. 

The success of ceramic accelerometer and shaker 
components has been due in part to the use of epoxy 
cements, unknown when early transducers were made, 
for bonding ceramic to other materials. Modern 
technology has provided adhesives for mounting the 
accelerometer also, eliminating the weight and undesir- 
able effect on resonance frequency of other means of 
mounting. 


‘Letter to the Editor, by E. Jones, J. Acoust. Soc. 
Am. 36, 1215-1216 (June 1964). 
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Granular Content of 


SULFUR MORTARS 


Method devised by C. L. Thompson, 
Research Associate of the 

Cement and Concrete Reference Laboratory, 
at the NBS Institute for 

Applied Technology 


A new method? of determining granular 
content of sulfur mortars requires less time and equip- 
ment than the recommended ASTM test method. It 
should be useful to concrete-testing laboratories that 
do not have the equipment necessary to perform ASTM 
test method C 287. 

Sulfur mortar has come to be widely used in the 
last decade as a capping material for concrete speci- 
mens. Sulfur mortar capping permits the test specimen 
to be loaded uniformly by furnishing flat bearing 
surfaces. 

In many instances after testing is completed the 
sulfur mortar is struck off, remelted, and reused. The 
resultant melting and remelting of the mortar, however, 
drives off some of the sulfur, thereby changing its 
physical properties. The mortar should therefore be 
tested for its granular content at frequent intervals to 
determine its condition. 

The ASTM test method (C 287), in which the sulfur 
content is extracted by dissolving it in carbon disulfide, 
is not only tedious, but also requires special apparatus 


that many of the concrete-testing laboratories do not 
have. Therefore, a simple yet relatively accurate test 
method involving less time and equipment is desirable. 

In the NBS method, the cap is removed from the 
cylinder and crushed. A 20-g sample is placed in a 
previously ignited, cooled, and weighed crucible. The 
crucible is heated over a Bunsen burner adjusted so 
that the sulfur is burned off without splattering. When 
the sulfur is completely consumed, the residue is ignited 
at a higher temperature for 30 min. Then the crucible 
and residue are cooled in a desiccator and weighed. 
The ignition, cooling, and weighing phases are re- 
peated until a constant weight is obtained. This con- 
stant weight is considered to be the weight of the 
granular materials. The test must be done under a 
hood or in a well-ventilated area, as considerable sulfur 
dioxide is generated during the test. 

The amount of granular material can be determined 
to the nearest 0.01 g, an accuracy greater than that 
needed for normal applications. This relatively ac- 
curate and simple method should therefore be very 
useful to concrete-testing laboratories. 


‘For details, see A simplified method for determining 
the amount of granular materials in sulphur mortars, 
by C. L. Thompson, ASTM Mater. Res. & Stds. (in 
press). 


Changes in NBS Radio Broadcasts 


Closer Agreement of NBS and Navy Epochs 


In accordance with the policy of coopera- 
tion between NBS and the U.S. Naval Observatory, 
changes in the time ticks broadcast by stations of both 
were made to improve their agreement. The ticks 
broadcast by NBS stations WWV (Greenbelt, Md.), 
WWVH (Maui, Hawaii), and WWVB (Fort Collins, 
Colo.) were retarded 1.0 milliseconds at 0000 UT on 
1 October 1964. At the same time the ticks broadcast 
by Navy stations were advanced 1.6 milliseconds. 
This brings into closer agreement epochs of the time 
standards broadcast by the United States Government. 


North Pacific Propagation Forecasts 


Station WWVH no longer gives forecasts of propa- 
gation in the North Pacific, effective 0000 UT on 1 
November 1964. These propagation forecasts were 
formerly given hourly in Morse code, during the first 
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half of the fifth minute of each hour. The predictions 
were supplied by the NBS North Pacific Radio Warn- 
ing Service at Anchorage, Alaska, which is reorienting 
its mission and will be known as the CRPL High 
Latitude Space Environment Monitoring Station. It 
will concentrate on the monitoring and rapid reporting 
of geophysical events of interest not only to HF radio 
propagation users, but also to those interested in 
changes in our space environment. Thus, though HF 
propagation notices will no longer be given on WWVH., 
it is anticipated that at a later date, as the need develops, 
some other statement upon solar and geophysical ac- 
tivity will be disseminated in their place. 

Propagation forecasts will continue to be given every 
five minutes from station WWV. Although the WWV 
forecasts are for the North Atlantic area, predictions 
of disturbed conditions throughout the northern 
auroral region will be generally applicable to the North 
Pacific area also. 


NBS Technical News Bulletin 


Index to Technical News Bulletin 
Volume 48, 1964 


A 


Accelerated programs of crystal research (July) ------------------------ 
Accuracy of spectral transmittance standards investigated (Apres a5 
Acoustical thermometer establishes provisional low-temperature scale 


Actions taken by the Twelfth General Conference on Weights and Meas- 

rays ROb LAO a ee eee Se ee ee ee ee 
Air bearings, improve electrodynamic vibrators with (Oct.)------------ 
Airmail routes for faster delivery, computer selects best (July) -------- 
Allen, Meinke appointed to head NBS Divisions (Jan.) ----------------- 
Amplitude variations, system for recording phase and (Sept.)---------- 
Analysis of frost phenomena on a cryo-surface (Ninth Cryogenic Engi- 

Mearns Gonis)in (Jan) oo 8s eon re ere eee oe see ea 
Antarctica, VLF phase recording in (Sept.)--------------------------- 
Asphalt durability and blowing time, effect of blowing conditions on 

(June) 
Asphalts studied by infrared spectroscopy, photo-oxidation in (June) ---- 
Associate Director, Silverman appointad (Aug.) ----------------------- 
Astin receives Rockefeller Award (Jam.)/----2=----.2-=-------=--=...--- 
Astin receives Rockefeller Award (Photo) (Feb.) ---------------------- 
Atomic standard of time, world sets (Dec.).------=.--..-----.-_--.-- 
Atomic structure, NBS develops new tool for exploring (Apr.)-------- 
Atmospheric transmission at infrared frequencies (Sept.) -------------- 
AWwardseaiNE Sephotos win (dank) 2222628 = Saat eee a eee oe ae 


Balances, thermal gradients—effects on (Oct.)------------------------ 
Bismuth oxide, polymorphism in (May) ------------------------ 
Book on measurement of very high pressures, new (Feb.) ---- 
Book on pH authored by NBS chemist (May) ------------~------------- 
Boron hydride, NBS chemists synthesize fluorinated (June) ------------ 
Brady to head National Standard Reference Data Program (Feb.)------ 
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International Committee of Weights and Measures, 1963 meeting (Jan.) __ 10 
International System of Units, NBS adopts (Apr.) ------_---__---___--_ 61 
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Postdoctorals. appointed | (Oct,) = 2822s ee 186 
Precision Electromagnetic Measurements, 1964 Conference (Sept.) ------ 161 
Precision Measurement Seminars for 1964-65, NBS (Aug.)-----------__ Insert 
President's, message (Sept.) 2-22-52 ---2- 25 2 =- oe ee 145 
Pressure Transducers, Methods for the Dynamic Calibration of—new 
publication (Mar,) 2-05.12 50 
Pressures, new book on measurement of very high (Feb.)-------------- 33 
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Technical News Bulletin, Vol. 48, No. 11, November 1964. 
15 cents. Annual subscription: $1.50; 75 cents additional 
for foreign mailing. Available on a 1-, 2-, or 3-year sub- 
scription basis. 

CRPL lIonospheric Predictions for February 1965. Three 
months in advance. Number 23, issued November 1964. 
15 cents. Annual subscription: $2.50; 75 cents additional 
for foreign mailing. Available on a 1, 2-, or 3-year subscrip- 
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Journal of Research of the National Bureau of Standards 
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Annual subscription: Domestic, $4; foreign, $4.75; single 
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quarterly. Annual subscription: Domestic, $2.25; foreign, 
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The 1962 He’ scale of temperatures. III. Evaluation and 
status. T. R. Roberts, R. H. Sherman, and S. G. Sydoriak. 


The 1962 He* scale of temperatures. IV. Tables. R. H. 
Sherman, S. G. Sydoriak, and T. R. Roberts. 


Absolute isotopic abundance ratio and the atomic weight of 
a reference sample of copper. W. R. Sheilds, T. J. Murphy, 
and E. L. Garner. 

Absolute isotopic abundance ratio and the atomic weight of 
bromine. E. J. Catanzaro, T. J. Murphy, E. L. Garner, and 
W. R. Sheilds. 


Optical properties of thin films on transparent surfaces by 
ellipsometry; internal reflection for film covered surfaces 
near the critical angle. E. Passaglia and R. R. Stromberg. 

On the second-order transition of a rubber. E. A. DiMarzio. 

Ionization constants and reactivity of isomers of eugenol. 
G. M. Brauer, H. Argentar, and G. Durany. 

Near infrared spectrophotometric method for the determina- 
tion of hydration numbers. R. A. Durst and J. K. Taylor. 

Franck-Condon factors for the ionization of Hz, HD, and D». 
M. E. Wacks. 

Calculation of the geometrical structure of some AH, mole- 
cules. M. Krauss. 

Preparation and heat of formation of a magnesium oxysulfate. 
E. S. Newman. 

Heat capacity of potassium borohydride (KBH,:) from 15. to 
375 °K; thermodynamic properties from 0 to 700 °K. 
G. T. Furukawa, M. L. Reilly, and J. H. Piccirelli. 

Heat of combustion and heat of formation of aluminum car- 


bide. R.C. King and G. T. Armstrong. 
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Some elastic compliances of single crystal rutile from 25 
to 1000 °C. S. Spinner and J. B. Wachtman, Jr. 

Energy dependence of the D-D reaction cross section at low 
energies. J. G. Brennan and J. J. Coyne. 

Steady-state response of silicon radiation detectors of the dif- 

fused P-N junction type to x-rays. I: Photovoltaic mode 
of operation. K. Scharf and J. H. Sparrow. 

Intercomparison of high-energy x-ray intensity measurements. 
J. S. Pruitt and S. R. Domen. 

Res. NBS 68B (Math and Math Phys.) No. 4 (Oct—Dec. 
1964). 

Hydrodynamic fluctuations and Stokes’ Law friction. R. 
Zwanzig. 

Equivalence of certain inequalities complementing those of 
Cauchy-Schwarz and Hélder. J. B. Diaz, A. J. Goldman, 
and F. T. Metcalf. 

Weak generalized inverses and minimum variance linear un- 
biased estimation. M. Zelen and A. J. Goldman. 

Improvement of bounds to eigenvalues of operators of the 
form T*T. N. W. Bazley, and D. Fox. 

The greatest crossnorm. R. Schatten. 

J. Res. 68C (Eng. and Instr.) No. 4 (Oct—Dec. 1964). 
Theory of mirror spectrographs, I. Astigmatic illumination 

of plane gratings and prisms. K. D. Mielenz. 

Theory of mirror spectrographs. II. General theory of focal 
surfaces and slit curvatures. K. D. Mielenz. 

Theory of mirror spectrographs. III. Focal surfaces and slit 
curvature of Ebert and Ebert-Fastie spectographs. K. D. 
Mielenz. 

Heat flow in a right circular cylinder with arbitrary tempera- 
ture boundary conditions—applications to the determina- 
tion of thermal conductivity. D. R. Flynn. 

Digitized phasemeter. W. S. Epstein. 

Active and passive direct-reading ratio sets for the comparison 
of audiofrequency admittances. R. D. Cutkosky. 

Review of methods for the excitation of atomic and ionic 
spectra by means of high-frequency discharges and sliding 
sparks. L. Minnhagen. 

Standards for the calibration of Q-meters 50 kHz to 45 MHz. 
R. N. Jones. 

X-ray measurement of residual strains in individual grains of 
polycrystalline aluminum. C. J. Newton. 

Ferrimagnetic resonance measurements using IF substitution 
techniques. W. E. Case, R. D. Harrington, and L. B. 
Schmidt. 

A Pienkowsky-type calibration scheme for 5211 = 1 weight 
series using two knife-edge direct-reading balances. H. S. 
Peiser. 

Reference tables for the platinel II thermocouple. L. O. 
Olsen and P. D. Freeze. 

Effects of cathodic currents on the corrosion of an aluminum 
alloy. W. J. Schwerdtfeger. 

Photooxidation of asphalts in the presence of ozone. J. R. 
Wright and P. G. Campbell. 

Designs for temperature and temperature gradient compen- 
sated capacitors smaller than ten picofarads. R. D. 
Cutkosky. 

Radio Sci. J. Res. NBS/USNC-URSI 68D, No. 11 (Nov. 1964). 
Interaction of an antenna with a hot plasma and the theory 

of resonance probes. J. A. Fejer. 

Observations of earth-ionosphere cavity resonances and their 
interpretation in terms of a two-layer ionosphere model. 
F. W. Chapman and D. Llanwyn Jones. 

On the theory of reflection of electromagnetic waves from 
the interface between a compressible magnetoplasma and 
a dielectric. J. R. Wait. 

Propagation over plane earth through an exponential atmos- 
phere. I. H. Gerks and R. M. Anderson. 

Propagation in nonuniform waveguides with impedance walls. 
Robert L. Gallawa. 

Some approximate formulas concerning the reflection of elec- 
tromagnetic waves from a stratified semi-infinite medium. 
R. Burman. 

A VLF timing experiment. A. H. Morgan and O. J. Baltzer. 

Phase and time variations in VLF propagation over long dis- 
tances. D. D. Crombie. 

Geometrical optics convergence coefficient for whistler propa- 


gation. G. McK. Allcock. 
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Errors induced by the atmosphere in microwave range meas- 
urements. H. B. Janes and M. C. Thompson. 

Some features of E,—ionization of the equatorial ionosphere. 
P. Bandyopadhyay and H. Montes. 

A note on the insulated loops antenna immersed in a con- 
ducting medium. J. R. Wait and K. P. Spies. 

Observation and analysis of transequatorial propagation. 
J. A. Thomas and B. A. McInnes. 

Radio Sci. J. Res. NBS/USNC-URSI 68D, No. 12 (Dec. 1964). 

Experiment on the constancy of the velocity of electromagnetic 
radiation. P. Beckmann and P. Mandics. 

Measurement of the phase velocity of VLF propagation in 
the earth-ionosphere waveguide. F. K. Steele and C. J. 
Chilton. 

Wave hop theory of long distance propagation of low-fre- 
quency radio waves. L. A. Berry. 

Wave propagation in a compressible ionosphere. Part I. S. 
R. Seshadri. 

Wave propagation in a compressible ionosphere. Part II. 
S. R. Seshadri. 

Spatial properties of the amplitude fading of continuous HF 
radio waves. J. Ames. 

Physical properties of the polar winter mesosphere obtained 
from low-frequency propagation and partial reflection 
studies. J. S. Belrose, L. R. Bodé, and L. W. Hewitt. 

Reply to the “Remarks by Donald H. Menzel with reference to 
Bailey’s comments on solar electric fields.” V. A. Bailey. 


Other NBS Publications 


A complete mode sum for LF, VLF, ELF terrestrial radio wave 
fields, J. R. Johler and L. A. Berry, NBS Mono. 78 (Oct. 1, 
1964), 20 cents. 

A study of lunar surface radio communication, L. E. Vogler, 
NBS Mono. 85 (Sept. 14, 1964), 70 cents. 

Standard Reference Materials: Preparation of NBS copper-base 
spectrochemical standards, R. E. Michaelis, L. L. Wyman, and 
R. Flitsch, NBS Misc. Publ. 260-2 (Oct. 15, 1964), 35 cents. 

Quarterly radio noise data—June, July, August, 1963, W. Q. 
Crichlow, R. T. Disney, and M. A. Jenkins, NBS Tech. Note 
18-19 (Aug. 21, 1964), 50 cents. 

The electrical properties of aluminum for cryogenic electro- 
magnets, R. J. Corruccini, NBS Tech. Note 218 (Aug. 30, 
1964), 30 cents. 

Some modifications in methods of calibration of universal ratio 
sets, D. Ramaley, NBS Tech. Note 220 (Aug. 30, 1964), 25 
cents. 

Demagnetizing factors for oblate spheroids used in ferrimagnetic 
resonance measurements, L. B. Schmidt, W. E. Case, and R. 
D. Harrington, NBS Tech. Note 221 (Sept. 4, 1964), 20 cents. 

Concerning the theory of radiation from a slotted conducting 
plane in a plasma environment, J. R. Wait, NBS Tech. Note 
223 (Sept. 28, 1964), 20 cents. 

Bibliography on the measurement of bulk resistivity of semi- 
conductor materials for electron devices, J. C. French, NBS 
Tech. Note 232 (Oct. 21, 1964), 60 cents. 

Survey of magnetic thin film materials, G. W. Reimherr, NBS 
Tech. Note 247 (Sept. 25, 1964), 40 cents. 


A nomogram for computing ate and a nomogram for comput- 
ing aa H. S. Bowman, NBS Tech. Note 250 (Oct. 2, 1964), 


15 cents. 


Publications in Other Journals 


This column lists all publications by the NBS staff, as soon 
after issuance as practical. For completeness, earlier references 
not previously reported may be included from time to time. 


HF propagation characteristics in equatorial latitudes, A. Barg- 
hausen, G. Jacobs, and D. Lillie, Program and Digest of IEEE 
Trans. Ant. Prop. Intern. Symp. July 9-11, 1963, Boulder, 
Colo., pp. 37-42 (IEEE, New York, N.Y., 1963). 

Hall generators: what, why and how much?, S. Rubin, 1964 
IEEE Intern. Convention Record, pt. 8, p. 74 (Mar. 1964). 

The half-life of carbon-14: Comments on the mass-spectro- 
metric method, E. H. Hughes and W. B. Mann, Intern. J. 
Appl. Rad. Isotopes 15, No. 1, 97-100 (Jan. 1964). 


NBS Technical News Bulletin 


A unitary symmetry selection rule and its application to new 
resonances, C. A. Levinson, H. J. Lipkin, and S. Meshkov, 
Il Nuovo Cimento 32, Ser. X, 1376-1379 (1964). 

A recalibration of the National Bureau of Standards tritiated 
water standards by gas counting, W. B. Mann, R. W. Medlock, 
and O. Yura, Intern. J. Appl. Rad. Isotopes 15, No. 6, 351- 
361 (1964). 

Anomalous transmission of rare gases for electrons of sub- 
excitation energies, J. A. Simpson (Proc. Third Intern. Conf. 
Physics of Electronic and Atomic Collisions, London, Eng- 
land 1963), pp. 128-134 (North Holland Publ. Co., Amster- 
dam, The Netherlands, 1964). 

The guided propagation of ELF and VLF radio waves between 
the earth and the ionosphere, D. D. Crombie and A. G. Jean, 
Proc. URSI XIVth General Assembly, Sept. 1963, Tokyo, 
Japan XIII, 195-206 (1964). 

Electronic scanning for large radiotelescopes, T. A. Clark, 
Digest of 1963 IEEE Professional Group on Antennas and 
Propagation, pp. 242-246 (July 1963). 

Electron microscopy and diffraction of aluminum oxide whiskers, 
D. J. Barber, Phil. Mag. 10, No. 103, 75-94 (July 1964). 
The excitation of the 2P state of hydrogen by electrons of near- 
threshold energy, G. E. Chamberlain, S. J. Smith, and D. W. O. 
Heddle, Phys. Rev. Letters 12, No. 23, 647-649 (June 8, 

1964). 

Theory of operation of the rotary positive displacement meter, 
C. T. Collett (Proc. 23d Ann. Gas Measurement Short Course, 
Aug. a 1963), West Virginia Univ. Tech. Bull. 70, 48-53 
(1963) . 

The zeros of infrapolynomials with prescribed values at given 
points, J. L. Walsh and QO. Shisha, J. Math. Anal. Appl. 7, 
No. 2, 176-182 (Oct. 1963). 

The establishment and maintenance of the unit of voltage at 
the NBS Boulder Laboratories, B. A. Wickoff, ISA 1963 Proc. 
Paper No. 28.2.63 (1963). 

The crystal structure of l-ethyldecaborane, A. Perloff, Acta. 
Cryst. 17, 332 (1964). 

Optically observed inner shell electron excitation in neutral 
Kr and Xe, K. Codling and R. P. Madden, Phys. Rev. Letters 
12, No. 4, 106-107 (Jan. 1964). 

On the production of the Z(Q-) Baryon, H. J. Lipkin, C. A. 
Levinson, and S. Meshkov, Phys. Letters 7, No. 2, 159-161 
(No. 1, 1963). 

On the implication of diurnal, seasonal and geographical varia- 
tions in composition of the high atmosphere from F-region 
measurements, J. W. Wright, J. Geophys. Res. 68, No. 19, 
5413-1520 (Oct. 1, 1963) ; Book, Electron Density Distribu- 
tion in Ionosphere and Exosphere (Proc. of NATO Advances 
Study Institute, Apri] 17-26, Skeikampen, Norway), pp. 105- 
115 (North Holland Publ. Co., Amsterdam, The Netherlands, 
1963). 

On the effect of heterogeneity in molecular weight on the sedi- 
mentation equilibrium second virial coefficient of polymers in 
good solvents, I. H. Billick, J. Phys. Chem. 68, No. 7, 1798- 
1800 (July 1964). 

A symmetry group containing both the Lorentz group and SUs, 
A. O. Braut, I] Nuovo Cimento 32, 234-236 (Apr. 1964). 
Four-point probe measurement of non-uniformities in semicon- 
ductor sheet resistivity, L. H. Swartzendruber, Solid State 

Electronics 7, 413-422 (1964). 

The use of dual-polarized broad beam antennas to determine the 
extraterrestrial intensity of the cosmic radio noise at high 
frequencies, C. G. Little, G. M. Lerfald, and R. Parthasarathy, 
Digest of the 1963 IRE Professional Group on Antennas and 
Propagation, pp. 9-15 (July 1963). 

The solid state of rare gases, G. L. Pollack, Rev. Mod. Phys. 
36, No. 3, 748-792 (July 1964). 

The present and future of astrophysics and its effects on industry 
in Colorado, L. M. Branscomb, Book, Colorado and the New 
Technological Revolution: Proceedings of the University-In- 
dustry Liaison Conference 1963, ed. W. H. Miernyk, pp. 55-64 
(Bureau of Economic Research, Institute of Behavioral 
Science, Univ. of Colorado, Boulder, 1964). 

A simplified freezing point apparatus, G. S. Ross and A. R. 
Glasgow, Jr., Anal. Chem. 36, No. 3, 700 (Mar. 1964). 

Autoionization in helium using a synchrotron light source, R. P. 
Madden and K. Codling, Proc. VIth Intern. Conf. Ionization 
Phenomena in Gases, Paris, France, 1963, 1, 139-143 (1963). 
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Radiowave scattering in the ionosphere, K. L. Bowles, Book, 
Advances in Electrons and Electron Physics, 19, 55-176 
(1964). 

Radio, the ionosphere, and IQSY, R. W. Knecht, Proc. URSI 
XIVth General Assembly, Sept. 1963, Tokyo, Japan XIII, 
169-180 (1964). 

Pseudopentagonal twins in electrodeposited copper dendrites, 
F. Ogburn, B. Paretzkin, and H. S. Peiser, Acta Cryst. 17, 
774-775 (1964). 

Dielectric polarizability of fluid parahydrogen, J. W. Stewart, 
J. Chem. Phys. 40, 3297-3306 (June 1964). 

Conduction-cooled, concentric sphere glass trap, S. Ruthberg, 
J. Vacuum 14, No. 1, 11 (Jan. 1964). 

Conductance of potassium chloride in highly purified n-methyl- 
propionamide from 20 to 40°, T. B. Hoover, J. Phys. Chem. 
68, No. 14, 876-879 (Apr. 1964). 

Field measurements of air infiltration in ten electrically heated 
houses, C. W. Coblentz, and P. R. Achenbach, ASHRAE J. 
5, No. 7, 69 (July 1963). 

Discrepancy in conversion of early melting-point tempera- 
tures, S. J. Schneider, J. Am. Ceram. Soc. 46, No. 7, 354— 
355 (1963) . 

Relation of solar active regions at central meridian passage 
to ionospheric disturbance, C. S. Warwick and J. V. Lincoln, 
AGARDograph 59, The Effect of Disturbances of Solar Origin 
on Communications, ed. G. J. Gassmann, pp. 229-233 (Perga- 
mon Press Inc., London, England, 1963) . 

Report of Committee E-2 on emission spectroscopy, R. E. 
Michaelis, Am. Soc. Testing Mater. Proc. 63, 456 (1963). 
The rélationship between intensity of carbon arc and asphalt 
oxidation, J. R. Wright, P. G. Campbell, and T. L. Fridinger, 

ASTM Spec. Tech. Publ. No. 347, p. 3-20 (May 1964). 

Evidence for field-aligned ionization irregularities between 
400 and 1000 km above the earth’s surface, T. E. VanZandt, 
W. Calvert, R. W. Knecht, and G. B. Goe, Book, Space Re- 
search, ed. W. Priester, III, 271-273 (North Holland Publ. 
Co., Amsterdam, The Netherlands, 1963). 

Experimental predictions from unitary symmetry (SUs), C. A. 
Levinson, H. V. Lipkin, and S. Meshkev (Proc. 1963 Intern. 
Conf. Nucleon Structure, Stanford Univ., Calif.), Book, 
Nucleon Structure, pp. 309 (University Press, Stanford, 
Calif., Aug. 1963). 

Standard potential of the Ag-AgCl electrode in 5% aqueous 
mannitol, R. Gary and R. A. Robinson, J. Chem. Eng. Data 
9, No. 3, 376-378 (July 1964). 

Summary of symposium on recent research on bituminous ma- 
terials, S. H. Greenfeld, ASTM Spec. Tech. Publ. No. 347, 
pp. 108-11 (May 1964). 

First results in NASA topside sounder satellite, R. W. Knecht, 
S. Russell, and J. E. Jackson, Book, Advances in Astro- 
Lear Sciences 11, 61-85 (Western Periodicals Co., Calif., 
1963). 

Reaction rates for the information of He.* and N.*, E. C. Beaty 
and P. L. Patterson, Book, Comptes Rendue de la VI° Conf. 
Intern. sur les Phenomenes d’lonisation dans les Gaz, ed. 
P. Hubert and E. Cremieu-Alcan III, pp. 289-293 (S.E.R.M.A. 
Publ. Co., Paris, France, 1963). 

Comparisons of experimental reaction cross sections with var- 
ious relations obtained from SUs, S. Meshkov, Proc. Conf. 
Symmetry Principles at High Energy, Coral Gables, Fla., 
Jan. 1964, pp. 104-126 (1964). 

Very-low-frequency radio waves and the ionosphere, D. D. 
Crombie, Science 142, No. 3591, 508-510 (Oct. 25, 1963). 

Standardization of dimensions of packages for self-service sell- 
ing, A. T. McPherson and A. S. Best, THE PACKET, pack- 
aging Professional 2, No. 3, 4-5 (Packaging Inst., 1964). 

Response characteristics of a 47 neutron detector, H. Gersten- 
berg, Bull. Am. Phys. Soc. 9, Pt. 2, 421 (Apr. 28, 1964). 

Geomagnetic and solar data, J. V. Lincoln, J. Geophsy. Res. 
69, No. 13, 2841 (July 1, 1964). 

Spectroscopic investigations of fluorescence and chemilumi- 
nescence in gases (collection of papers), T. Carrington, Aero- 
Space Research Laboratory Report No. 64-51 (Mar. 1964). 

Fractionation of uranium isotopes and daughter products in 
weathered granite and uranium-bearing sandstone, Wind 
River basin region, Wyoming, J. N. Rosholt, E. L. Garner, 
and W. R. Shields, U.S. Geol. Surv. Prof. Paper 501—B, pp. 
884-887 (1964). 
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Some results of a new method for obtaining ionospheric NV (h) 
profiles with a bearing on the structure of the lower F region, 
J. W. Wright and A. K. Paul, J. Geophys. Res. 68, No. 19, 
5314-5420 (Oct. 1, 1963); Proc. NATA Advanced Study 
Institute, Skeikampen, Norway, Apr. 17-26, 1963), Book, 
Electron Density Distribution in the Ionosphere and Ex- 
osphere, pp. 105-115 (North Holland Publ. Co., Amsterdam, 
The Netherlands, 1963). 

Error analysis of Miller’s recurrence algorithm, R. W. J. Olver, 
Math. Comp. 18, No. 85, 65-74 (Jan. 1964). 

Sr*/Sr® ratios in Hawaiian lavas, P. Lessing and E. J. Catan- 
zaro, J. Geophys. Res. 69, No. 8, 1599-1601 (Apr. 15, 1964). 

Optical studies of film formation and removal on gold anodes 
in acidic oxalate solutions, W. E. Reid and J. Kruger, Nature 
203, No. 4943, 402 (July 25, 1964). 

The spheroidal method for satellite orbits, J. P. Vinti, Proc. 
Intern. Symp. Use of Artificial Satellites for Geodesy, pp. 
12-16 (North Holland Publ. Co., Amsterdam, The Nether- 
lands, 1963). 

Opening angles of electron-positron pairs, H. Olsen, Phys. 
Rev. 131, No. 1, 406-415 (July 1, 1963). 

Some impulse sparkover voltages for a 200 cm sphere gap, H. N. 
Cones, IEEE Component Parts Conf. Paper No. CP 63-929 
(June 1963). 

Determination of optical thickness gradients from a far dis- 
tance, J. R. Meyer-Arendt, R. B. Herrick, and C. B. Em- 
manuel, J. Opt. Soc. Am. 53, 1344 (1963). 

Solar particles and interplanetary fields, C. S. Warwick, Book, 
Advances in the Astronautical Sciences 13, 666-681 (Western 
Periodicals, Calif., 1963) . 

Vaporization of uranium monophosphide, K. A. Gingerick, P. K. 
Lee, and J. E. Efimenko, Nature 200, No. 4908, 774-776 
(1963). 

A radio-meteorological study, B. R. Bean, E. J. Dutton, V. R. 
Frank, J. A. Lane, and W. B. Sweezy, Program and Digest 
1963 IEE Prof. Group Antennas and Propagation Symp. 
Space Telecommunications, July 9-11, 1963, Boulder, Colo., 
pp. 59-60 (1963). 

The interaction of 350 keV polarized neutrons with oriented 
Ho™ nuclei, H. Marshak, R. Wagner, P. P. Miller, and T. 
Tamura, Phys. Letters 10, No. 3, 316 (June 15, 1964). 

Systematic atmospheric refraction errors of baseline type radio 
tracking systems and methods of their correction, G. D. 
Thayer and B. R. Bean, Proc. First Space Congress, Cocoa 
Beach, Florida (Apr. 1964). 

Error bounds for asymptotic expansions in turning-point prob- 
lems, F. W. J. Olver, Soc. Ind. Appl. Math. 1, No. 1, 200- 
214 (Mar. 1964). 

Summary of session I and II of the symposium on X-ray and 
electron probe analysis, R. E. Michaelis, ASTM Spec. Tech. 
Publ. No. 349 (Dec. 1963). 

Prebunching in electron linacs, J. E. Leiss, Proc. Conf. Proton 
Linear Accelerators, Yale Univ., New Haven, Conn., pp. 
267-273 (Oct. 1963). 

Report on standard samples, reference samples, and_high- 
purity material for spectrochemical analysis, R. E. Michaelis, 
ASTM Spec. Tech. Publ. No. 58-E (1963). 

Phase diagrams for ceramists, Book, E. M. Levin, C. R. Rob- 
bins, and H. F. McMurdie, American Ceramic Society Inc., 
Columbus, Ohio (1964). 

Transverse propagation of electromagnetic waves in a cylin- 
drically stratified plasma, J. R. Wait, Proc. Radio Physics 
Symp., University of California, Los Angeles, Aug. 7-9, 1963, 
Spr Brandstatter (Holden-Day, Inc., San Francisco, Calif., 

Variations in phase path of man-made one-hop whistler mode 
signals at 18.6 kilocycles per second, D. D. Crombie, F. A. 
McNeill, and G. M. Allcock, J. Geophys. Res. 68, No. 23, 
6229-6235 (Dec. 1, 1963). 

Recently discovered autoionizing states of krypton and xenon in 
the X 380-600A, R. P. Madden and K. Codling, J. Opt. Soc. 
Am. 54, No. 2, 268-269 (Feb. 1964). 

Fluorometric demonstration of tryptophan in dentin and bone 
protein, K. C. Hoerman and S. A. Mancewicz, J. Dental Res. 
43, No. 2, 276-280 (Mar.—Apr. 1964). 

The calibration of inductive voltage dividers and analysis of 
their operational characteristics, T. L. Zapf, ISA Trans. 2 
No. 3, 195-200 (July 1963). 
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Nighttime variations of F-region electron density profiles at 
Puerto Rico, T. Shimazaki, J. Geophys. Res. 69, No. 13, 
2781-2797 (July 1, 1964). 

Obscurities of oscillator noise, L. Fey, W. R. Atkinson, and 
J. Newman, Proc. IEEE (Letter) 52, 104-105 (Jan. 1964). 

Standard electromotive force of the hydrogen-silver chloride 
cell and the thermodynamics of solutions of hydrochloric 
acid in 50 wt. % methanol from 10 to 40° C, M. Paabo, R. A. 
Robinson, and R. G. Bates, J. Chem. Eng. Data 9, No. 3, 
374-376 (July 1964). 

The F-region seasonal anomaly, J. W. Wright, J. Geophys. Res. 
68, No. 14, 4379-4381 (July 15, 1963). 

Coherent Raman effect in the off-axis Raman resonator, H. 
Takuma and D. A. Jennings, Appl. Phys. Letters 4, No. 11, 
185-186 (June 1964). 

Effects of composition and irradiation on the glass transition 
temperature of methyl methacrylate-styrene copolymers, M. S. 
Parker, V. J. Krasnansky, and B. G. Acchammer, J. Appl. 
Polymer Sci. 8, 1825-1838 (1964). 

“U-spin equalities” and octet symmetry breaking, S. Meshkov, 
G. A. Snow, and G. B. Yodh, Phys. Rev. Letters 13, No. 6, 
212-217 (Aug. 10, 1964). 

The scope of electrochemistry, W. J. Hamer, J. Electrochem. 
Soc. 110, No. 6, 115C (June 1963). 

Report on sugars and sugar products, E. J. McDonalds, J. 
Assoc. Official Agri. Chem. 46, 35 (1963). 

Thermal conductivity and viscosity of simple fluids, J. V. Sen- 
gers, Am. Chem. Soc. 9, No. 4, C-57-C-70 (Sept. 1964). 
Some recent developments in noble metal thermocouples, L. O. 
Olsen, Am. Soc. Auto. Engrs. Paper No. 750A, p. 10 (Sept. 

1963). ; 

Gallium-palladium alloys as dental] filling material, R. M. Water- 
strat and R. W. Longton, Public Health Rept. 79, No. 7, pp. 
638-642 (July 1964). 

Minutes of the meeting at the Ohio State University, Columbus, 
Ohio, of the Triple Commission for Spectroscopy, June 13, 
1963, C. E. Moore, J. Opt. Soc. Am. 54, No. 3, 425-432 (Mar. 
1964). 

High frequency microvolt measurements, F. X. Ries, ISA Pre- 
print, pp. 37.2.63—-1—37.2.63-5 (Sept. 1963). 

Comparison of a new SUs prediction with experiment, S. Mesh- 
kov, G. A. Snow, and G. B. Yodh, Phys. Rev. Letters 12, No. 
3, 87-92 (Jan. 20, 1964). 

Measurement of photochemical degradation in certain plastics 
by color reactions with phenylenediamines, V. E. Gray and 
de 1 Sie hlas J. Appl. Polymer Sci. 8, No. 4, 1505-1519 
(1964). 

On Rayleigh’s non-linear vibration equation, A. Ghaffari, Proc. 
Intern. Symp. Non-linear Vibration II, 130-133 (Sept. 1961). 

Electrode potentials in fused systems. VII. Effect of ion size 
on membrane potentials, K. H. Stern and J. A. Stiff, J. Elec- 
trochem. Soc. III, No. 8, 893-897 (Aug. 1964) . 

An unmodulated twin channel microwave attenuation measure- 
ment system, D. H. Russell, ISA Preprint, pp. 37.3.63-l— 
37.3.63-17 (Sept. 1963) . 

Beam loading and beam blowup in electron linacs, J. E. Leiss, 
Proc. Conf. Proton Linear Accelerators, Yale Univ., New 
Haven, Conn., pp. 74-95 (Oct. 1963). 

Residual range and range rate errors due to the troposphere, 
E. C. Barrows, Proc. Conf. Tropospheric Refraction (Dec. 
1963). 

Tropospheric refraction and attenuation of radio waves, B. R. 
Bean, Book, Advances of Radio Research, pp. 53-155 (Aca- 
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